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(54) Abstract Title 

Optical fire detection system responsive to flicker frequencies 



(57) A method and apparatus for detecting a fire In the presence of radiation from one or more false fire 
sources. Two radiation detectors (100A, 100B) receive optical signals at first and second radiated wavelengths 
end produce first and second electrical signals in response thereto. The two electrical signals are correlated 
{130) In order to generate a correlation parameter and the magnitude of the variation with time of the -two 
electrical signals is exacted at one or more flicker frequency bandwidth by identical flicker filters H10A. 110B). 
The amplitudes of the two stgnals at given flicker frequencies are ratioed (120) and this ratio '*$ compared 11 40) 
one frequency bandwidth at a time to a threshold ratio value. A fire indication signal is only generated if the 
ratio and correlation indicators are both positive. 
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• • .„ r ^ r ^ m A Tit "pr T """" thM 

The invention relates CO the detection of radiation 

of fire *en there is ,1,= present radiation fro. on. " 

bin fire sources of arbitrary temporal 

, T™ ri,' ■ a^odl— « «* tb. invention result » 

s ch-racterrst ^ ^ tha prasence of 

- . — o £ 

* tn svst-ems eirvoloying two or more 
10 Zl Z . Ltvt^k sets are — « 

^lilr. t» variation in ratio in radiation receded 
- »-« ia ise fire sources in the chosen 

15 co the sum of the total radiation receded and the 

intrinsic noise sources over a given te.*poral b^L 
for example, FIG . 1 shows the spectral radxant 
Pittance of a blackbody at various ^ ^ 

will be noted that at a ceinperacur* of SO* degrees K. * 
typical temperature for fire detection, the spectral 
Radiant entrance curve is relatively flat In the area o. 
4 to 5 microns- Thus, a detection system which employ* 
one detector at, say, 4.5 microns and a second detector 
at 5.0 microns will produce a ratio close col. 
25 in comparison. FIG. 2 shows a spectral radiant 

e^ittance curve from a Bunsan flame. In contrast to the 
nobody -curve, -it will-be. no^d t^C fire source _ 

«1 1 flat across wavelengths. In 
curve is not o. u an tJ > OL *^ 

particular, a system -employing one detector at the curve 
30 maximum. 4.5 microns, and a second detector at 5.0 

microns, would produce a ratio 4.5/5.0 microns much 

larger than 1 - 

Often autocorrelation and/or crosscor relation is 

performed on the outpucs from the various sensors u> 

35 order to eliminate or identify the intrinsic noxse 

sources. The total radiation falling cn each seneor xn 

each of the chosen wavelengths remains highly correlated 
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' ' tnonnally the case when the chosen wavelengths are vary 

close to each other, and somewhat less as the wavelengths 
become separated reflecting the differences in the 
molecular action of the irradiating substance). Thus, the 
5 ratio calculated reflects the ratio of the total 

radiation received in those wavelengths. 

A problem arises when the total or correlated 
radiation, regardless of temporal character, in the 
chosen wavelengths comprises relatively large false fin 
source energy compared to concurrent fire source energy 
as the ratio generated tends to the false fire ratio and- 
the system thus ignores the fire hazard. 

Consider the fact that a radiation detector's output 
refects the total input radiation from any number of 
sources radiating at the proper wavelengths. Thus, 
without some further method of decomposition, it is not 
possible to discriminate the various sources by dimply 
viewing the total detector output power.. 

As an example, suppose the ratio of the output of 
two detectors viewing two different wavelength bands i* 
one for false fire alone and three for fire alone. 
Suopose that the signal on the numerator wavelength is 
composed of 50 units of false fire and 9 units of fire 
while the denominator wavelength is .composed of SO units, 
o* false fire and 3 units of fire. The total correlated 
• strength of the numerator is, therefore, 59 while the 
denominator is 53.. The ratio is. therefore, 59/53 or . 
about 1.113. 

It is not likely that such a small variation from 
the ideal of one could be categorized as fire having the 
ideal of three. In order for the ratio to attain just 
two in this example the fire in the numerator must grow 
to three times the size of the false fire in the 
numerator. In other words, this would -be a ratio 
of (50 + 150)/(50 + SO ) = 2 . 

Thus, in practice a £ir-e detector -employing two or 
more wavelengths and using a ratio of -two or more 
wavelengths even when time -correlated cannot respond to a 
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10 



15 



fire until che fire size is more or less comparable to 
the false fir- screes or grocer. Only at this » 
the radiation oE the fire sufficient to generate a - ire 
ratio » in soit* of a detector employing two or more 
wavelengths to easily distinguish between fire and false 
fire when occurring alone at greet distance, when used x« 
an application where both occur simultaneously, the fire 
sensitivity is greatly diminished. 

This serious limitation is overcome by further 
decomposition of the total detector output power One 
way this can be accomplished is by abstracting the 
radiation signals received from fire and false fxre 
sources concurrently over a time interval m two or more 
wavelengths as the superposition of a number of 
(temporal) sources input simultaneously. 

Each of these sources contributes to the total 
cutout of each detector channel employed but can be 
extracted and analyzed (ratioed) independently. A new 
detection method is thus created which generates not one 
20 ratio, but a ratio for each source concurrently radiatang 

the pair of detectors. 

rs,,^,^ of rhp Invention 
According to the described invention, in the above 
example, it is quit* possible to be able to generate both 
a ratio of one (50 false fire units numerator/sO raise 
fire units denominator) and three (9 fire units 
-numerator/3- fire units denominator) at the same t^me. 
The detector logic would then recognize the ratio three 
as that of a fire and produce an alarm output even though 
the total correlated signal strength is about seven times 
the total fire strength. (Numerator wavelength) 
aripf p^rr-iTition of the Drawings 
FIG 1 is a graph showing the spectral radiant 
emittance vs. wavelength of a blackbody at various 

35 cemoeratures . 

" FIG. 2 is a graph showing the relative spectral 

radiance' vs. wavelength of a Bunsen flame. 



25 



30 



PAGE 58191 1 RCVD AT 9/1612004 10:16:05 AM [Eastern Daylight Time] 1 SVR:USPTO-EFXRF-3/24 * DNIS:2732435 1 CSKW136234846 1 DURATION (mm-ss):19-00 



10 



15 



Sep-16-04 09:27am From-Moser, Patterson I Sheridan L L P- +713 623 4846 T-264 P. 059/081 F-017 

m 

FIG. 3 is a schematic comparing eh* prior Art metnod 
with che method of the present invention. 

FIG. 4 is a schematic showing the apparatus and 
method of the present invention.. 

FIGS SA and SB are graphs showing the ratios 
produced by the present invention at various frequencies 
during sequential time intervals when the invention is 
used to analyze a chopped black body ac 600 degrees K. 

F T GS €\ and 6B are graphs showing the ratios 
produced by the present invention at various frequencies 
during sequential time intervals when the invention is 
used to analyze an unmixed propane torch with natural 
convection, 

FIGS 7A and 7B are graphs showing the ratios 
oroduced by the present invention at various frequencies 
during sequential time intervals when the invention 
used to analyse an unmixed propane torch with natural 
convection in the presence of a chopped black body at 600 
degrees K. 

FIG. 8A is a detailed schematic or the present 
invention using technique A (more difficult) . 

FIG. 83 is technique A using less calculation 

intense approach, 

FIGS. 9A, 9B and 9C show the graphs of three window 
functions utilized in the present invention. 

FIGS. 10A and 10B show the result of multiplying a 
false-fire input times a window function. 

FIGS HA and 11B show the result of multiplying an 
unmixed propane torch input times a window function.. 

FIG. 12 shows the selectivity of the invention 
around 5 Hz using a Von Han window function.. 

FIG. 13 shows the selectivity of the invention 
around 5 Hz using a Hamming window function. 

FIG. 14 shows the selectivity of the invention 
3 5 around 5 Hz using a Blackman window function. 

FIG. ISA shows the amplitude of a false fire input 
multiplied by a window function and a sine/cosine 
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function an 4 .€7 Hz v€rsus time and the resale of 
integratino this amplitude over time. 

FIG. 153 shows the amplitude of a false fire input 
multiplied by a window function and a sine/cosine 
function at 3 Kz versus time and the result of 
integrating this amplitude over time. 

FIG. 16A shows the amplitude of a propane torch 
inout multiplied by a window function and a sine/cosine 
function at 4.67 Hz versus time and the result of 
integrating this amplitude over time. 

FIG- 16S shows the amplitude of a propane torch 
input multiplied by a window function and a sine/cosine 
function at 4 Hz versus time and the result of 
integrating this amplitude over time. 

FIG. 17 is a schematic showing inputs from the 
outputs of FIG. 8 and processing the ratios and 
correlation indicator. 

FIG. 18 is a schematic showing inputs from the 
output of FIG. 17 and generation of a fire indicator. 

FIG. 19A shows how signal/noise ratio varies with 
che ratio of cross-power to total power. 

FIG. 19B shows the relationship between the analysis 
time window and the cross -power ratio to obtain a 
constant outpuc signal/noise ratio. 

FIG. 19C shows the relationship between distance to 
che fire and ratio of cross-power to total power. 

Bgfe aUgsLSg^griEtifi a ^ Praggrggd, Embodiments 
FIG ~3 depicts an abstraction of the preferred 
embodiment for the purpose of quickly getting an overview 
of signal flow and to contrast the invention with the 
present state of the art. Each detector output in the 
electrical form of a time-varying voltage represents the 
instantaneous sum of all radiant input sources, thus the 
reason for che capital sigma in each detector block. 
35 FIG. 3 simplifies a vast possibility of inputs to two 

sources at each of two wavelengths. 

present devices generate a ratio of the sum of all 
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^ . «,„ the P«h ti":!* 3 present." 
theM eoorce* « ^^nl-ection. Chi * W T l ° 

preaencs «U.c«l-ln."«f * 3uppU « the cools 

alternative. t~ in order to arriva ac 

sUnal processing d «^«f coRSiaer bro adcast televisor. 
A fair analog « s presented to Che 

10 cra^tter " ^"^u^ing reception ac the 
band is transmxtted. signal may be 

television receiver c* pre5en ced ac the 

decomposed into .11 - oUtUn Uniques 

transmitter us*ng va ^ OU relata3 to &I nplitud e - 

1S The present ^"Tj^y aft<i i, closely analogous 

' 5 plated •« t *-f"^ l ^S. * W i£ « 5hrinltS 
to the AM portion ot a infinitely -narrow 

each XK vavelength band to an ^ ^ ^ analogOUS „ 

wavelength, xn eta- ^ pQ . nt o£ the ml ogy L 

20 . broadcast band "carri . ^ ^length that 

MV be demodulated ac -a « c *£" a £iM source, such 

- «« i„ IW. 3 shew, ^• < ^ Baw « ie tolb behind 
« as a chopped black body I. •»• " . £ , ickar frequency" 

a rocacins fan, has a ehar»c ; er^c h „.. «. 

• - identified e t 1 ^ o£ 

IXld-r frequency »ould be CM -P^ ^ ^ ^ jhwo „ 

nunfiar of fen Wades). A *» tIW<rBc y identified a, 

30 having a characterise f 1 ^ wv » 1M1Beh * 

dicker r. « « £ — * * 

and B. and flicker F « _* , . The -essence o£ the 

and B bu c different fro™ 'U*' invention 

detection ^^ e fcor 0 ut*uc « each cf - 
35 lt „ * "".UcyTf narrow -flicker fr^uency- 

r n :rr rjrUi^ ot * — « -* 
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narrow bandwidth *t the two wavelengths, -and disorxminata 
a fire in che prMtnoi of a non-fire radianc source by 
tb . presence of a characteristic "fire wtio- in at test 
one of the narrow bandwidths . As was n«i earlier, a 
5 flame will have a much higher ratio in the wavelengths 

4 5/5.0 microns than a blackbody due to the -peakyness" 
of the spectral emittance curve for a flame relative to 
any blackbody. Reliability may be improved and the 
chance of a false alarm diminished by requiring the fire 
L0 racio- to be present at a number of discrete flicker 

frequency bandwidths. 

The new signal processing approach is further 
abstracted in FIG. 4 and elaborated somewhat. Amplitude- 
modulated -flicker- outputs from each wavelength detector 
15 ioOA. 100B are input to identical blocks 110A ft HOB. 

110A & HOB extract the flicker frequency energy m a 
specified number of narrow bandwidth*. The 
frequencies, number of f requencies , bandwidth. , end the 
particular wavelengths employed are parameters that are 
20 chosen to most effectively deal with a particular 

application in terms of performance and ease of 

implementation. 

The energy in each narrow flicker frequency band 
from 110A. representing wavelength A. is then ratioed at 

, 5 120 to the energy in the same narrow flicker frequency 

band from HOB, representing wavelength B- A correlate* 
parameter (ST130 is also -generated as will be discussed 
below that will qualify *ach ratio to prevent false 
ratios from being processed- Following proper 

30 qualification each ratio is compacted at 140, one 

frequency at a time, to a ratio "threshold," or ratio 
bandls) , which generates en appropriate output. In the 
simplest embodiment, the comparator generate one binary 
output type for fires and the opposite binary type for 

35 nonfires , , 

The comparator 140- output then feeds *n analyst 
block 150 whose function i. to further qualify iir* 



PAGE 62/91 ' RCVD AT 9/1612004 10:16:05 AM [Eastern Daylight Time] » SVR:USPTO-EFXRF-3/24 * DNIS:2732435 * CStt):+7136234846 • DURATION (mm-ss):19-00 



Ssp-16-04 09:28am From-Moser, Patterson & Sharidan L L P- +713 623 4846 T-264 P.063/09) F-017 



10 



15 



25 



30 



racios 



in terms of the number and distribution of fire 



racios detected . 

Wh»n the requirements of the analysis block are 
M-isCiad an appropriate output ISO may be signalled. 
This compleces the main signal processing path. The 
c^oss power block 170 and the adaptive control block 180 
generate outputs chat assist in changing the way the 
system reacts to inpuc stimuli. . 

The cross power block 170 feeds information about 
the input signal-co-noise ratio in the entire amplitude 
f requencv domain co che adaptive control block 180 . 
using this inpuc the adaptive control block 180 sets the 
bandwidth of che -flicker" filter generator 110* , HOB 
a nd/or number of filters to be analyzed 150. 

Tq e -<plain chis latter action consider that most 
fires contain many frequencies in the amplitude domain, 
thought to be analogous to the visible flicker. Thus, 
"flicker" is a common term to denote these frequencies. 
A large -flicker' frequency content is a signature of a 

20 fire. , . , 

zri principle if one could generate a relatively 

ia-ea number of filters, say fifty or more, che entire 
•fUckar- frequency band could be saturated with filcers 
thus eliminating the adaptive control block, or the need 
to generate a "decision" on the number of filters 
required. In practice the system hardware complexity 
could be prohibitive using this approach, or a high 
number of fixed filters.. 

TO further explain the inputs Co the adaptive 
concrol block 180 of figure 4. refer co Fig. 19a. The 
cross power block 17 0 cakes the outpuc o£ the detectors 
100A. 100B employed and generates the ratio of cross, 
power co cotal power in these two signals before they are 
decomposed into flicker frequency content. Fig. 19a 
3 5 shows how the output of the cross power block varies as 

the input signal to noise ratio varies between the 
detector outputs using empirical data. 
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The signal in this discussion is chat due to radiant, 
input while Che noise is chat due to electronics noise 

such as thermal noise. 

ic is possible to adjust the system parameters in 
<; the direction of increasing the signal to noise ratio if 

the present signal to noise ratio is too low for reliable 
determination of the presence of a fire.. 

Fig 19b shows the relationship between the analysis 
time window, which is inversely proportional to "flicker" 
10 filter bandwidth, and the cross power ratio to attain a 

constant output signal-to-noise ratio. Thus, if the 
present cross power ratio is .6 and the present analysis 
time window is less than 10 seconds, the adaptive control 
block 180 would ideally adjust the time window towards 20 
15 seconds to attain adequate output signai-to-noise ratio. 

F<g. 19c shows the advantages of using a long time 
window'bv showing the relationship between distance and 
the cross power ratio. As the distance to a given fire 
size increases, the signal -co-noise ratio decreases m 
reference to a fixed bandwidth, or time window. If the 
bandwidth can be reduced, or time window increased, the 
s <gnal-co-noise ratio can usually be increased, but not 
always. The cross power ratio will indicate if chis is 
the case by following the relationship to time window. 

Each detection system is slightly different in terms 
of both inherent characteristics and specified 
performance. Thus , an empirical determination of minimum 
signal-to-noise ratio is called for. The example system 
requires a s ignal-to-nois* ratio of six or n»ore before 
30 multiple flicker frequency bands are required to 

substantiate a reliable decision to energize fire 
outputs . Fig - 19b and 19c are nornttlized to the minimum 
ratio required by the example system, and are therefore 
unique in terms of actual distance and time. 
35 The way in which the cross power graph can be used for 

any system is chat, for a given time window, if the 
corresponding cross power ratio is -equal to or greater. 



20 



25 
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Chan the requisite signal -to -noise ratio, a single fire 
ratio could energize system outputs. 

Obviously. the 20 second time window mentioned 
previously implicates the necessity to control this 
5 parameter' as most £ire output decisions need to be asserted 

as soon as possible. There is therefore a tradeoff between 
che number of filters needed with the fire ratio and system 
response time. That is, if faster system response time is 
needed, increased discrimination can be achieved by 
10 requiring several fire ratios be generated in an analysis 

time window to activate the system output . 

This completes the description of the operation of the 
adaptive control block 180 and supportive elements. 

If the ratio correlation parameter is loosely 
15 qualified, spurious fire ratios may tend to be generated at 

low signal levels. To reinforce a level of discrimination 
one may then require several fire ratios to be generated. 

The analysis block 180 may also generate feedback for 
an adaptive system that generates only the number of 
20 filters with appropriate characteristics for the situation 

being currently processed. 

"nGS. 5 A, SS, 6A. 63 and 7X, 7B show the results of 
analyzing fire and false fire sources with the present 
invention. FIG- 5.A. shows a €00 degree K chopped black body 
25 with a characteristic flicker frequency of 4 Hz (i.e.. a 

body with a temperature greater than 0»K whose -emission 
spectrum is -periodically blocked., as by a rotating fan 
blade) as processed by the above-described embodiment . The 
X axis is frequency from 0 Hz to 10 Hz with frequencies at 
30 1/3 Hz increments. The Y axis (vertical) is in ratio 

units, or the ratio of two wavelengths at each frequency. 
The 2 axis (into the page) is time in three second 
increments . 

In FIG. 5.-., the chopped black body occupies three to 
3 5 four frequency "bins" in the 4 Hz area, because its 

strength leaks into the filter bandwidths adjacent to 4 Hz . 
Chooping action produces some harmonic content and so one 
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three second output also contains an output in the 8 Hz 
area which survived the qualification requirement. Notice 
that all other frequency "bins- are :aro due to the 
qualification logic process. In other words, there are no 
5 extraneous ratios coming through. 

FIG . 5s shows a two-dimensional view of four of the 
three second outputs. In addition the X and Y axes are 
labeled so chat one can easily identify the frequencies 
involved. 

FIG. 6A shows a similar plot of an unmixed propans 
torch with natural convection. Notice that each three 
second output contains ratios that survived the 
Qualification process at many different frequencies but not 
all frequencies. In FIG. 6B, notice that the ratios are 
markedly different from the chopped false fire source of 
FIG. 3A. This difference is a consequence of the emissions 
output of each source and the wavelengths detected for this 
experiment. That is. the spectral emittance curve (FI<3. 2) 
for the propane torch at the wavelengths selected will 
produce a characteristic "fire ratio' of about 2 at many 
different flicker frequencies. Whatever wavelength 

strategy is used, one must be able to differentiate fire 
from false fire due to a ratio difference in order for the 
system to work. 

, 5 FIGS. 7A and 7B show another similar plot of both the 

chopped black body and the propane torch. This plot 
clearly -shows - that -the system can identify both -sources 
simultaneously by demodulating the flicker frequency 
components. In this experiment, the chopped black body 
30 spectral energy was more than 15 times that of the fire 

with a total energy of more than three times that of the 
fire . 

Because of the high energy level of the black body, 
the ratio in the four Kertz area still comes through at 
35 about one and occasionally at the first harmonic. At other 

flicker frequencies unoccupied by the black body, the fire 
ratio of two plus comes through. If one were to ratio the 
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total energy m . wider traditional flicker frequency 
bandwidth on* would ' have arrived at a ratio of 
approximately 1.15 which would have failed co detecc the 



VI + sin (A) 



Fig 8a shows detail of a simplified frequency 
extractor that computes the energy in each narrow bandwidth 
for each wavelength and generates a correlation indicator 
in -real time". Though the detail of 8a is a simpler 
cor-.Pt than Fig. 8b. the preferred embodiment to be 
explained later, it does generate continuous output at the 
expense of requiring much more computational horsepower.. 

FIG 8a shows the total radiant energy signal at each 
wavelength 100*. 100B being multiplied by an internally 
generated sinusoid 102 corresponding to each flicker 
15 frequency. Thus, 

Consider this 100A, 100B as the unknown 
input signal consisting o£ sinusoid 
pl5s some d . c. level. . < total radiant 
energy signal) 

V2 ♦ sir-CB) Thie is the internal sinusoid 102. 

(flicker frequency) 

25 Then: 

rV7 ^rifEl) - V1-V2 * vl-sintSI* V2...sin-(AJ ... 
(VI t SlMA) - siniBM » >»i , „ _ (cos (A .6)- eos<A -r B)). 

2 

30 Ma ice the following substitutions: 

A_« cot + $ = 2-TT-fl't f .<!> 
B » <0 • t + .6 = 2 • JC • £2 ■ C + .9 
35 ht ea ch instant of time -f. "A" and "3" , the 

arguments of the above sine functions, .produce a radian 
angle. Along with the time dependent angle is a fixed 
offset angle (phase) . When these substitutions ars made 
4 0 you arrive with che following expansion. 

CM'. (2 •«•»-£ * 0) - (2-«-f.2...i: - .»)> = eosi2...R..c.-.Ul - f.2> - *. - .8). 
C 0S<(2 .«-£2..c . * (2-?t..«2 t * 9)1 = Co S <2..n.. t ...<tl « tf) * * ♦ .8!. 
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This results in the final expression. 

5 When che ir.cerr.al sinusoid is V2 * cos<B) 

the resulting expansion is . 

vl , v2 . vi,c OSi91 , v2..i»«ai * [^V-V.Wti f . 2, «1 * I -V- 

10 m each expansion, the DC terms V1-V2 . VX-.inW. 

Vl.cos(B) ar.d V2.sin(A) are " reeved by .appropriate 

techniques^ ^ ^ producC of each input wavelength 1O0A. 
X5 100B and the internally generated sine/cosine W-*^ 

102 is lew-pass filcered in "real Cime- ac 10« A . 1048. 
10 4C 104D. in principle chis can be accomplished by a 
number of continuous time filters of some high order to be 
eauivalenc to the embodiment of <fa co be explained shortly. 
Preferably software -UR" filters would be employed to 
.educe component count, space, and cost. This removes the 
terms which contain the sums of che frequencies (fl «• £2| . 
leaving Che terms containing the difference or Che 
frequencies (£1 - C2). which is the desired result. 

The approach of Fig. 8a requires more than € times the 
number of "arithmetic operations just to generate filters 
equivalent to the .embodiment of 8b. Also, the approach of 
' Fig 8a is difficult to adjust filter parameters to adapt to 
changing input. Again the advantage of the -simplified 
concept- aoproach is that output is obtained continuously. 

FIG. SB represents che essential details o« the 
-frequency extractor" which computes the input modulation 
energy in one narrow bandwidth for each wave Length and 
Generates a ratio and a correlation indicator. The 
Performance of this section is the most -critical element of 
the detector. When the parameters are properly s«t, it 
allows -demodulation- of an input modulation frequency 
while rejecting other modulations which may also be 
present . 



35 



PAGE 68/91 * RCVD AT 9/16/2004 10:16:05 AM [Eastern Daylight Time] 1 SVR:llSPTO-EFXRF-3/24 * DNIS:2732435 * CSH):+7136234846 * DURATION (mm-ss):19-00 



Sap-16-04 09:30am From-Moser, Pattsrson & Shsridan L L P. +713 623 4846 T-264 P. 069/001 F-017 

m 

This rejection characteristic describes the reaction 
to unwanted signal and is very important when it comes to 
separating small amplitude fires in the presence of large 
amplitude false fires. Another useful tsrrn is select ivicy 
5 which describes the "frequency extractor- characters t ic to 

wanted signal . 

Selectivity is controlled by the integration time, or 
time window over which the integrator runs, and by the 
window function 106. Bo-th of these parameters effect £he 
10 bandwidth and the selectivity. The integration time 

affects the half power bandwidth and the window function 
106 affects the bandwidth at 1/10000 power bandwidth. 
Without the window function, the device would not be able 
co select small fires in the presence of large false fires 
15 without impractical ly long integration times. 

Basically, FIG. 8B functions Co arrive at an output 
over a selected time window. Again the output represents 
the energy content in one of *nany narrow frequency 
bandwidths. Each frequency along with the window function 
20 also operates over this prescribed time window. While 

traversing C his time window, the incoming signal 100A, 10OB 
must be multiplied by one of the window functions 10-6 of 
Fig. S and "he sine and cosine 102 of -each narrow frequency 
bandwidth - 

2 5 piG. q depicts a number of window functions, but -other 

custom functions are possible. The window functions of 
FIG.- 9 are- known as the B-lackman* -Hamming-, and Von Han 
window functions, designated as blackm, ham, and Vhan, 
respectively and the corresponding equations are shown in 

30 Table 1. 
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Table 1 

Parameters and Equations for FIG . 9 



10 



15 



20 



25 



P := 300 


j n :=0. .P-1 


Ct :».54 


blackm n : 


=Jl -J . 42 + -5 -COS2 -s . 08<COS4 -w 




na/77„ : =JoC-(l-U )'COS2-7t-- 





Vftan,, i =-j*l -cas2-n 



In FIG. S. the time window is, for example, 3 seconds 
long with 100 sampling points per second, producing a 
total of 300 samples (P=30G> . At each sampling point n, 
the incoming signal is multiplied by the value of the 
window function at that point. Following multiplication 
by one of the window functions, the input signal then 
actually takes the shape of the window function which . . 
starts and ends in some cases at zero. In general, the 
window function suppresses abrupt changes at the 
beginning and end of the time window reducing the high 
frequency content and narrowing the bandwidth of the 
filter generated. FIG. 10 A shows a regular false fire 
incut and FIG . 10B shows the result of multiplying the 
input by a window function. FIG. 11A shows a propane 
input and FIG. 11B shows the result of multiplying by a 
window function. 

FIGS. 12, 13. and 14 show the selectivity of each 
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window function in the frequency domain when the 
integration time or time window is three seconds long. 
The parameters and equations used in FIGS. 12. 13 and 14 
are shown in Table 2 - 

Table 2 

Parameters and Equations Used in FIGS. 12, 13 and 14 



f 1. .200 



f :s 0. .1499 



x e : = 



100 



f ' .05-f 



P :=300 



.54 



n :=0. .P-l 



FIG- 12 



bl a Ckm n : =[l -[ . 4 2 . S -co s(2 -n ) + • 0 8 -COs(4 -* 



FIG. 13 



ham„: =[b- (1-a) «cos^2-z--5)] 



FIG. 14 



cest„, =sin|2if-^-j-( W2<2J2 n ) or{^ 3 )or (biacfcn„) 
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" /3 = G 
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There are some tradeoffs to be made in consideration of 
absolute rejection. For most situations, window faction 
FIG 9 middle resulting in the selectivity of FIG- 13 
wo-ks well; but the absolute rejection of FIG. 9 top. 
resulting in the selectivity of FIG. 12 may be required 
in some instances. An adaptive system would ideally have 
several window functions available - 

As shown in FIG. SB, this product (input sigr*al 
times window function) is then multiplied by a 
sine/cosine function 102 of each frequency for each 
wavelength to extract the input energy" at a particular 
C-equency, as will be discussed below. This -second 
product is then integrated 108 throughout the time window 
prior to the arithmetic operation following the 
integrator. Sine/cosine functions may start anywhere m 
the cycle but must traverse an integer numi^er of cycles 
oniv throughout the time window. This requirement sets 
the" relationship between the time window and the possible 
frequencies which may be demodulated. 

* In other words, if the time window were four seconds 
long then it would be possible to extract the energy in 
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» 

* ' narrow frequency bandwidth* at .25 Hz increments Thus 

2, 2,5, 4.25, and 5.7 5 Hz center frequencies are all 
possible when using a four -second time window. The 
frequency increments possible are the reciprocal of the 

5 time window. 

FIG. ISA shows the result of integrating the product 
o£ false fire input, window function, and sine/cosine 
function at 4.67 Hz. FIG, 1SB shows the seme result with 
the frequency at 3Hz . As can be seen, the false fire 

10 input has a very large integrated product (approximately 

6,000) at the regular flicker frequency of 4.67 Hz, but -a 
very small integrated product (approximately 0-53) at 3 
Hz. This is consistent with FIG. SB. 

FIG. 16A shows the result of integrating the product 

15 of propane torch input, window function, and sine/cosine 

function at 4.67 Hz. FIG - 16B shows the same result at 4 
Hz. Unlike the false fire input, the propane input 
generates significant integrated products at two. 
different frequencies (absolute values of 274 and 100 at 

20 4.67 Hz and 4 Hz, respectively). Ratioing these two 

values produces a characteristic "fire ratio' 1 of 2.74. 

Thus, even though the absolute magnitude of the 
false fire input is very high (€,000) at the false fire 
flicker frequencies {4.67 Kz) , it will be -possible to 

2 5 distinguish this from the propane input; because the 

absolute magnitude of the false fire input is very low 
_( 0.-53)- at. frequencies -slightly of f the., false- -fire flicker - 
frequency . 

The last integral lOfi in the time window is then 

3 0 applied to the arithmetic operation specified in FIG- SB 

ending in the root function 109. The value of the root 
at this time represents the snergy in a -specified narrow 
band present in the applied signal at a wavelength. That 
is, /(sin 2 ■+■ cos 2 ) in a vector whose magnitude represents 

3 5 this energy. 

Before being r-acioed. comparing (llti) the 
sine/cosine cross products as indicated in rtG. S3 
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correlates the ratio of the two wavelengths. If the 
products are exactly equal, then the ratio can be taken 
in confidence (i.e., the two -signals are in phase) . ,£ 
che products differ by up no 10 percent, ther. the ratio 
5 is on^y aoproximate; and if the products differ by ftvuch 

more than" 10 percent, then the ratio should be classed 

as noisy and false, 

Comoaring the cross products in this manner lS 
effectively comparing the angle of the two vectors just 
10 processed but eliminates generating an inverse tangent 

function or resorting to look-up tables or other possibly 
more complicated operations. In either case it should be 
considered an equivalent operation. 

The outputs of FIG. 83 are chen applied to the 

r 17 .*» anc ; «3- are the outputs of 
15 operatxons of rIG. J.'. a 

the root operation and "C- is the correlation qualifier. 
Thus, the outputs A and S are ratioed 120 and compared 
130 to the threshold ratio for fire and the result 
applied to AND gate 140. The correlation qualifier C 
20 then oasses to gate 150. Since "B» forms the 

denominator, care should be taken when the denominator is 
small as the quotient can quickly become unbounded. This 
is accomplished by qualifying the denominator in terms of 
level as shown at comparator l€0 . This operation is 
2S recommended but may be omitted. 

14 0 output Dl will then be a -1" if the ratio of the 
-energy in a narrow f licker bandwidth is egual to or 
greater than the specified ratio for a fire and the 
output of gate ISO is a binary 1- This output is then 
3 0 passed to FIG. 18 which accepts similar outputs from a 

number of circuits similar to FIG. 17. FIG. 18 depicts a 
serial selection scheme where the number of "1- levels 
are essentially counted by counter CS . 

In the simplest embodiment, the appropriate counter 
35 output sets the alarm for detecting a fire. 

The details of the frequency extractor will now be 

discussed. 
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^ -21- 

The input co each of the wavelength detectors 10OA. 
1O0B in FIG. SB is an infrared signal containing energy 
from both fire sources and false fire sources. It is 
assumed that both the fire sources and the false fir* 
5 sources flicker at frequencies in the range of 0 to lOKi. 

That is. a false fire source such as a rotating fan olade 
is assumed to produce a flicker frequency in this range, 
and it is well known that fires have flicker frequencies 

in this range. 

It is further assumed that the total input to each 
detector 10 OA, 1003 is a complex periodic signal which 
can be represented as the sum of many different sinusoids 
of various frequencies and phases. Such a complex signal 
can be resolved into sums of weighted and shifted 
sinusoids using Fourier analysis. In particular, the 
Fourier series is a mathematical technique for 
determining the relative strengths and phasing of the 
sinusoidal components in any particular periodic signal. 

The Fourier series may be represented in its 
trigonometric form as follows: 



10 



15 



20 



25 



x ( iC ) =^+T i (a n cos(no 0 C) +<±> rt -sin<j]GJ < >c) } 

with n= 1 co 00 ■. 

The discrete Fourier transform -may" be reprinted 
follows : 

where F is the frequency in Hertz, «and T i-3 the titue. 

interval in seconds T = . 1 

N 



30 
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FIGS, 12, 13, find 14 show Che application o£ Che various 
window functions and discrete Fourier transform Co 
produce a filter centered on a flicker frequency of 5 Hz. 
In Table 2. "E" and ri n u are vectors that t-ake on -a, 
5 range of values as specified in each calculation. -p- 

and a are constants and always have the assi-gned values 

of 300 and .54- 

h pn i s intended to be the total number of points in 
the analysis time window. Here, P represents a time 
10 window that is 3 seconds long with 300 distinct points. 

Thus 100 points per second are analysed. 

The lines black () , ham(), and VhanO are the three 
window functions discussed earlier- The above three 
functions have 300 distinct values corresponding to the 

15 300 values of n- 

x- is also a function that is used to generate a 
-signal", which can be thought of a<3 being a signal at a 
particular wavelength, whose frequency varies over a 
range of values of the vector f 
20 The test function is this "signal." The frequency 

of the test vector takes on as many values as the f 
vector - (200) . At each frequency test has a number of 
" poilTts" ~Ih~ th-isT in^^ ~ 
many values as the product of the n and £ vectors or 
25 50, 000 points. Thus, the test function is analogous to 

the output signal of each detector 10QA, 1O0B and is 
composed of multiple sinusoids of varying frequency l/x f 
and sampled at n points in the time interval. Also, at 
each frequency of the test function, eaoh point ^ge-ts 
3C multiplied by the specified window function.. 

All of the notation to this point i-s directed to c-he 
"creation" of the test function. Agaiji this function -can 
be thought of as being one of the -signals' at a 
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^| -23- 

particular vavaLensth. i.e., the output -of on« of the 
wavelength .detectors 100 A, 100S in FIG . SB. Because this 
test function now has 200 different frequencies it can be 
used to see (calculate) specifically what the selectivity 
5 of the filter is which will be generated in the next 

step. 

At each frequency of the input -signal" the 
calculation (co follow) is performed, which results in a 
magnitude (number) Cor each frequency. This magnitude 

10 indicates how much of che input "signal" gets through the 

filter. A magnitude close to one (0 in the log domain) 
indicates the signal, whose magnitude in the log domain, 
was not reduced or changed. Magnitudes in the negative 
direction indicate seller values and thac the signal was 

15 reduced [filtered) or changed in value. 

The graphs in FIGS. 12, 13, and 14 are t-hen simply 

plots of those values. 

The value Pc f is calculated as follows for a 

frequency of 5 Hz : 



20 



Pt, - 1/P 2 tfis^^-J*^ n«fl,l. - -P-l 



or 



As described previously, the -best function is simply 
a number- of sine waves . However-,- che" complex r-sxponentia-l- 

25 is a pair of sinusoids at just one frequency, 5 Hz. The 

number 15 in the exponent i-s the number of rotaci-ons of 
2lT in angle throughout the 3 s-eoond 3v0 point analysis 
window. 15 per 3 second window is then -equivalent t-o 5 
rotations per second or 5 Hz. 

30 In the exponent the n/P -multiplier can be thought of 

as a fraction that starts at zero and increases to nssrly 
one at the end of the time window, the last value of n- 
In this manner -the 5 liz sinusoid is created (sine <vosi^e 
pair) . 
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The product of the t«st function < input signal) and 
che 5 Hz sine cosine pair are summed over the range of 
values c£ r. to arrive at a -pair of numbers for that 
particular test function frequency. The pair of numbers 
5 represent the real and imaginary -parts. The imaginary 

operator j is used to designate the product of the sine 
as being the imaginary part. Using the absolute value of 
che reel and imaginary parts (or Che square root of the 
sums of the squares) as shown in FIG. SB gives the true 
10 magnitude of the "filtered" test function (input signal). 

As can be seen in FIGS. 12, 13, and 14, the result is a 
filter which has high selectivity centered around che 
narrow frequency bandwidth employed in saoh integration. 
Consequently, frequencies in the input signal from che 
15 detectors 100A, 1O0B outside this narrow bandwidth will 

be filtered ouc . The crue magnicude of che filtered 
signal for each of the detectors 100A. 100B is then 
racioed as Shown in FIG. 17 and a ratio indicator is 
generaced. 

As shown in FIG . 83. a correlation indicator Cj is 
also generaced. Implied in che vector sum of each output 
is an angle comparison of the integrated angle over the 
ciiue window which gives a measure of the likeness or 
correlation from one wavelength to the other wavelength. 
25 The angle is represented by the relationship of the sine 

and cosine of each wavelength, i.e.: 



20 



cos 



Thus Co compare che angles of each wavelength on« 
must set che ratio of the sin/cos of wavelength a equal 
to sin/cos of wavelength b: 



3D sin(a) = ^i.? LfaL 

cos(a) cos<b) 



or when 

sin (a) cos Cb) =^cos<a) sin <b) 
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10 



This 



the result of the comparator 110 will be true, 
means taking the cross products of the real and xnginary 
D ar-s of the discrete Fourier transforms. In FIG. 17, a 
positive indicator D, is only generated if the ratio at 
the two wavelengths exceeds the fire threshold and. the 
correlation indicator Ci is true.. 

The present invention may be embodied in other 
specific forms without departing from the spirit or 
essential attributes thereof, and it is therefore desired 
that the present embodiment -be considered in all respects 
as illustrative and not restrictive, reference being made 
to the appended claims rather than to the foregoing 
description to indicate the scope of the invention. 



15 



i 

! 
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WHAT IS CLAIMED: 
1. A method for detecting a fire in the presence or a 
plurality of false fire sources, comprising the 
Steps c£: 

(a) receiving the total radiant energy of both fire 
and non-fire sources at a first wavelength 
during a measurement time interval, and 
converting the total radiant energy at the 
first wavelength to a first electrical signal. 

( b) receiving the total radiant energy of both fire 
and non-fire sources ac a second wavelength 
during a measurement, time interval, and 
converting the total radiant energy at che 
second wavelength to a second electrical 
signal , 



(c) 



(d) 



extracting che magnitude of a flicker frequency 
signal in the first electrical signal at a 
plurality of flicker frequencies to produce a 
first magnitude at each flicker frequency, 

extracting the magnitude of a flicker frequency 
signal in the second electrical signal at the 
same plurality of flicker frequencies to 
-produce a second magnitude at each flicker, 
frequency, 

(e) calculating a ratio of the first magnitude -to 
the second magnitude fc-r each flicker 
frequency, 

Ifj comparing the ratio at each flicker frequency, 
to a first threshold and generating a ratio 
indicator if the ratio exceeds the first 
threshold,. 
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-27- 



cohering the fU<*« frequency signal at the 
first wavelength to the Ms*** fluency 
signal at the second wavelength at each flxcker 
^equencv and generating a correlation 
indicator if the comparison is positive, and 

m) generating a positive indicator at each flicker 
frequency if the ratio indicator and the 
• correlation indicator are both present. 

2 . The method of claim 1, further comprising a step of: 

ii J generating a fire indicator if the number of 

positive indicators exceeds a second threshold. 

3 . The method of claim 1, further comprising a step of: 

(j) feeding back a signal to steps (c) and (d) to 

alter the plurality of flicker frequence, and 
measurement time interval.. 

4. The method of claim 1. wherein step (e) further 

, ^ jri-Qt- electrical si^al tiroes a 
(1) multiplying the first electee 

clme-varying window function to form a first 

— t^rs tr "S'i'gnai - - — — 



(2) calculating a discrete Fourier tra-nsform or the 
fi-SC test signal at -each flicker frequency 
over the measurement time interval at a number 
of sample points in the measurement time 
interval according to the equation: 
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wherein tW is the first bttt F i* «he 

flicker frequency in Hertz, n i* the sample 
point, P is the number of sample points in the 
c ime interval , and 

calculating the first magnitude as the square 
ro0 t of the sum of the squares of the real and 
imaginary parts of the discrete Fourier 
transform. 

5. The method of claim 4, wherein step (d) further 
comprises: 

,1) multiplying the second electrical signal times 
a time-varying window function to form a second 
cest signal,. 

calculating a discrete Fourier transform of the 
second test signal at each flicker frequency 
over the measurement time interval at a number, 
of sample points in the measurement time 
interval according to the equation: 



(2) 



rt t -±Z eesc<cos<2n^) -J'sin<2n-^) ) 

wherein test is the second test signals F is 
the flicker frequency in Hertz, n is the sample 
point, and P is the number of sample .points in 
the time interval, and 

(3) calculating the second magnitude as the square 
root of the sum of the squares of the real and 
imaginary parts of the discrete Fourier 
cransform. 
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6. 



The method of claim i. wherein step <c) farther 
comprise : 

(D wu'tiplving che first electrical signal being a 
" comoosice signal composed of sinusoids of the. 
fori VI ♦ sin (A) where A is a flicker frequency 
and V 1 isa direct current voltage, times a 
Plurality of sinusoids of the form V2 ♦ sin(B) 
and a plurality of sinusoids of the form V2 + 
cos(B) where B is an internally generated 
flicker freauency and V2 is a direct current, 
voltage, resulting in a plurality of pairs of 
expressions of the form:. 

... , |. s& (: - fi> - cost* * 3)3 end 

V- ..V2 - vi.sin(B)- v2-sln<M ♦ -1— 1™**" 

VI- V2 * Vl-cos'31- v2.sl.nIM - + ts- n »* 

2 

(2 ) removing all direct current terms (V1-V2.. 
Vl-sin(B). V2-sin(A). and VI - cos IB) ) .. 

( 3) filtering the pair of expressions through. 
Lowpass filters set to reject frequencies, 
greater than A - B. and 

(.41 calculating the first magnitude as the square 
root of the sum of the squares of c*ve outputs 
of the lowpass filters. 

7. The method of claim 1. wherein step Id) further 
comprises : 

(1) multiplying the second electrical signal being 
a comoosite signal composed of sinusoids of the 
form VI r sin (A) where A is a flicker frequency 
and VI is a direct current voltage, times a 
plurality of sinusoids of the form V2 + sin<B) 
and a plurality of sinusoids of the form V2 + 
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cos(B) wher, 8 i« an internally generated 
flicker frequency V2 is a direct current 

volt«9«. resulting in a plurality of pairs or 
expressions of the form:. 



(2 ) removing all direct current terms (V1-V2, 
Vl-sin(B), V2-sin(A). and vi-cos(B) I , 

( 3) filtering the pair of expressions through 
lowpass filters set to reject frequencies 
greater char. A - B, and 

(4 , calculating the second magnitude as the square 
root cf the s«» of the squares of the outputs, 
of the lowpass filters. 

8. The method of claim 5. wherein step («) further 
'comprises the steps of: 

(1) comparing the product of the real part of the 
discrete Fourier transform o£ claim 4 and 
imaginary part of the discrete Fourier 

- trahs-form "of claim 5 -to- the -product o£_th*_ . _ 

imaginary part of the discrete Fourier 
transform 'of claim 4 and the real part of the 
discrete Fourier transform of claim 5, and 

(2 ) generating the correlation indicator if the 
comparison is true. . 

9 The method of claim 8. wherein the correlation 
■' indicator is generated only if the second magnitude 
exceeds a third threshold. 
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v» an „ = 1/2 I 1 -eo»ia*»/»l- "°- • • E " 1 ' 
w . Th. ^ of c»i- 4 wherein the window function 



is : 



hanv - a - U -a)(cos<2nn/P)) ( n-0. . -P-l- 

of claim 4 wherein the window function 
12 The method ot s" 11 -" 



is : 



black. = (1 " C- 42 + (.5cos(2lt-/p) + .oacos<-4Tln/P]), 
r.=0. . 

u . Th. method Of cl.i* 5 where the window function is: 

Vhan. = 1/2 II -ec»<STW»). n '°- ' 
14 . T h 8 method o£ cl«i- = herein the window function 



is : 



hanv = a - (1 -CCMCOSC2TWP)), n-0. - .P-l- 

1S . The method of claim 5 wherein the window function 
is : 

black. - 11 - 1-42 * (.Scbscafc/snr - ,08cos^na-/PH-, 
n=0. . -P-l- 
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U . apparatus for dacectint, a fire in the presence o £ * 

false fire source, comprising; 

first end second detector, to detect tool radiant 
energy of both tire end noo-fire source. at first and second 
respectively end Co produce respective U«t end 
iecond electrical signels in response thereto; 

first end second flicker filters coupled respect.valy 
to the first e„d second detector to filter the respective first 
I/seel electrical si 9 nals at e selected flicker frequency to 

first end second filtered signals; 
" . flicker fre^ency generator coupled to the first and 

second filler frequency filter, to select the flicker fra^ency 

- plurality of flicker frequencies; 
Jro „ . plural^ ^ a Mtio ^ 

and second filtered -» 
a comparator coupled to the 

. *-atio indicator if the ratio 
the ratio signal and produce a ratio -n 

signal' exceeds a first threshold. 

„ apparatus as recited in claim W . further comprising a 
correlate, ^ the- first and second ^e^i^to._ 

qenerate a correlation between the first and second fibred 

Chelation indicator where the correl^ion U 

r , e a* recced in claim 17, farther Comprising 

i ft Aoparatus as rev.- — ^ - 

' • ',u c ator coupled to the comparator and the correlate 

positive indicator, coupj.= 
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„ produce a positive indicator when hoch the ratio indicator and 
Che correction indicator ere present . 

1S apparacus as recited in claim 3.6. further comprising e 
croe. power calculacor coupled to the first end ^cond detectors 
co generate a cross power signal, and an adaptive ~"»"~ f 
coupl ed to receive the cross power signel and couplsd Co con. 
Che flicker frequency generator hy selecting a 

£requenci e S and values o £ the fancies to oe rncluued 

in the plurality of flicker frequencies. 

20 Apparatus as recited in cl.i* 1*. — ~*» 
controller is coupled to select a bandwidth of the first and 
second flicker filters. 

21 .pparacus - recited in clai. 20. wherein Che adaptive 
controlled* coupled to window the first — — sleccrical 
signals usin, a function select fro* group coning o- 
Blac^an function, a Having function and a Von Han function. 

22. Apparatus for denting a fire in the present of a 
• plurality of false fire sources, comprising: 

£lr .t and second detectors to detect total redxant 
energy of both fire and non-fire sources at first and second 
wavelengths r es pectively and to produce respective first and 
second electrical signal* U respond thereto; 

a sinusoidal generator to generate sine and -cosine 
signal at a selected flicker frequency, and adapted to 
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BU lci»ly the first - si3MlS * * ln * 

and cosine signals separately to P«o4— * «™ 

signs!, . first cosin. a ~ oood Sin " 

second cosine signal; 

integrators coupleo to ° £ «~ 

„ d cos ine signal, and the second — — 

4 individually; - 
, first -gnituds circuit «pM « the «- « 

cosine signals to produce a firs, s-gnicude ^ 

£i r S t oagnitude signal indicating a »agn>tude - * total 

radiant energy a, the fix* wavelength a, the selected 

flicker frequency; • 

. second «agnltud. circuit coupled to ch. second sin. 

a„ d cosin. signal. CO produce a saoond »^ 

s .cond magnitude signal indicating a .agn.tud. of t* total 

radiant energy at the aeoond wavelength at the selected 

flicker frecjuency; 

. ccarator coupled to tne first and second oagmtuoe 

circuits to generate a ratio in response to ««- "^* 
second magnitude signals and to cohere to. r.ttc W!th a 
' first ,ir ? threshold level to produce a first co.psri.on 
signal; and 

an indicator cc Udlcc. «** -P—enc- or a fxre 
reS pcn 5 e co Che £ ir.t comparison signal . 



, • - ,, ai . 22 wherein the first and 
23 Apparatus as reciced m claim 22, ti_ 

" * ' "• circuits each include squaring circuits co 

epCO nd magnitude circuics 

second m g cauarad si na and cosine signals, ™ adding 

generate respective squared sine 
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ft ft 

OS- 
circuit ro add che respective squared sin. and -i,, signals to 
produce an added signal and a root circuit to produce che 
magnitude signal from the added signal- 

24 Apparatus as recited in claim 22, furcher comprising a 
ratio circuit coupled to form a first ratio from che first sine 
signal and the second cosine signal and a second ratio from tne 
first cosine signal and the second sine signal, and a phase 
c ompari S on circuit to compare the first and second ratios to 
oroduce a phase comparison signal, the indicator coupled to the 

• „ •i-d-iea'-e the presence of a fire in 
phase comparison circuit to md-ca-e tne p 

response to the phase comparison signal. 

25 Apparatus as recited in claim 24, further comprising a 
magnitude comparator to compare a magnitude of one of the first 
and second magnitude signals with a second threshold S ignal and 
to generate a magnitude level signal in response thereto, the 
Creator being coupled to the magnitude comparator to indicate 
the presence of a fire in response to the magnitude level s.gnal . 

26 Apparatus as recited in claim 22, further comprising a 
ci ming controller, coupled to control tiding of the sinusoidal 
generator and the integrators. 

27 Apparatus as recited in claim 2*. further comprising a 
w^dow function generator, coupled to window the first and second 
-lexical signals so as to selected a flicker frequency 
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«ie window function, 
generator to control the win« 

claimed in claira 27, wherein the 

£ — ian :„r»n » — 

one of the group consisting 
function and a von Han function. 

29 An apparatus substantially as herein desert with 
refere „ce to the description and drawings. 

30 a ^thod substantial* as herein described with 
Terence to the description and drawings. 
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